Abstract. In order to solve the problem of abnormal detection of household appliances and realize the extraction of abnormal signal features of household appliances and the positioning of the time, this paper proposes an abnormal processing method based on wavelet denoising and DAG-SVM. The noise is eliminated by the wavelet threshold denoising method, which reduces the interference of the noise to the fault signal. Thus, the real signal can be reduced from the signal of strong noise. The abnormal signal of household electrical appliances was extracted after noise reduction. These characteristics are input into DAG-SVM for training and modeling. The validity of this method is verified by simulation and experiment.
Introduction
With the rapid development of modern social economy and science and technology, the living standard of human beings has been greatly improved with more and more household appliances entering the public life. In case of abnormality of electrical appliances, it is necessary to timely determine which electrical appliances have abnormal conditions. In this way, greater losses can be avoided [1] . Nowadays, abnormal detection of household electrical appliances has become one of the hot spots in current research.
Ye Hao et al. proposed a wavelet transform to extract fault signal characteristics. Liu Xiaoming et al. proposed to detect the arc failure based on the short time pass rate of current signal. All of them promote the detection and research of early abnormal signals. In the process of signal processing, the Fourier transform and wavelet transform are used to achieve certain results.
However, the merely use of signal processing to extract abnormal signal features has its own limitations. Processing methods can't locate abnormal occurrence time. Meanwhile it's impossible to tell which appliance is abnormal. Therefore, the processing personnel cannot handle the abnormal situation specifically. In this paper, wavelet denoising and DAG-SVM algorithm are used to identify abnormal electrical appliances and locate their abnormal time. This method has a wide application scenario [2] .
Model Constructions

Basic Principles of Wavelet Denoising
The first step in establishing the model is to denoise the signal. Wavelet denoising method is adopted in this paper.
Wavelet threshold denoising method is mainly divided into three types. The noise suppression has good denoising performance. Therefore, wavelet threshold denoising method is adopted as the means of noise reduction.
Select a noisy signal with the following expression:
Set f(k) as the original signal, e(k) as the noise signal, and ε as the standard deviation of the noise figure.
The basic steps of wavelet threshold denoising are as follows: The first step is to choose a suitable decomposition wavelet base. This paper selects sym8 as the wavelet basis.
In the second step, the decomposition layer of the noise signal is determined. According to the experience, N=3 is selected in the decomposition layer, whose noise reduction effect is better.
The third step is to select the appropriate wavelet denoising threshold function. The soft threshold function is used as the threshold function of wavelet denoising.
The fourth step is to reconstruct the wavelet and obtain the signal after noise reduction. After these four steps, the original signal can be basically recovered. The flow is as follows [3] : 
Switch Detection and Feature Extraction
After noise reduction, and then this algorithm extracts abnormal signal features. Since most of the information of the mutated signal is focused on its current variation, the algorithm mainly focuses on the processing of current. Take the absolute value of each period and sum it. The current difference from the previous cycle current minus the post cycle current that judges appliance's opening, closing or abnormality state. And the underlying hardware is sent up to this state. Simultaneously this algorithm calculates and uploads eigenvalues of each state. If there are more features, there will be over-fitting, and too few will be ill-fitting [5] . This paper will use 13 features.
Directed Acyclic Graph Support Vector Machine
The collected eigenvalues are sent into the model training. This paper mainly deals with the identification and detection of the abnormal state of signal electrical appliances.
In view of the excellent characteristics of DAG method. So, this method is chosen as the training model [4] .
A directed acyclic graph is a graph with a direction and no ring on each side. There is a finite element with a root that has a unique root node but no incoming edge.
For an n classification problem, DAG needs n(n-1)/2 nodes and n leaf nodes. The topological structure is shown in figure 3 below, and the top layer has a node called the root node. The second layer has two nodes, and so on, the m layer has m nodes, and the bottom layer will have n leaf nodes.
First, the training model takes the given sample X, then, puts X in the root node position, and calculates the decision function value of each node from the root node. If the value is 1, it falls into the left column, and if its value is -1, it is in the right column. The loop goes back and forth, and in the last column is the category of the sample X. 
Abnormal Signal Detection
Household appliances are generally classified into three types: resistive appliances, capacitive appliances, and inductive appliances. This test mainly simulates short-circuits caused by aging, influent water, or other improper operation of home appliances and simulates abnormal signals. This paper collects the electrical values of five kinds the average voltage, current mean and power of the five kinds of electrical appliances are shown in the following The effective value of the current and the power of the five kinds appliances of electric current used in the experiment are small to large, and the voltage value is basically unchanged. Due to the home appliances short circuit fault, the voltage value is basically unchanged, and the current has a great leap. After that, a series of protective equipment such as air opening and fuse will begin work, and the current value will become zero. In this paper, an abnormal signal is added at a certain stage to simulate Electrical abnormal status.
Here's a simulation using MATLAB. Its formula is as follows: fሺtሻ = Aሺxሻ + B * sinሺd * tሻ ε * eሺkሻ x ∈ ሺa, bሻ, t ∈ ሺb, cሻ
where A(x) is the actual voltage and current value collected, B is the peak value of A electrical current, and the e(k) represents gaussian white noise and a < b < c.
In the home circuits, the maximum current range allowed by most circuit breakers is 25A~30A.The short-circuit current caused by short circuit usually reaches the maximum value instantaneously. So, when the current jumps to 25A, the air switch is off to protect the total circuit. The electrical appliances shown here are shown in the figure below: Figure 3 . Blower fault diagram.
In the process of hardware acquisition, the external interference is too large, which seriously affects the extraction of abnormal signal features. Therefore, the key step is to use wavelet noise reduction. Here, sym 8 wavelet is used to decompose the signal, and the decomposition layer number is 3. The noise reduction effect is shown in the figure below: It can be seen that after wavelet denoising processing signal, it can effectively filter the superimposed Gaussian white noise in the signal and basically restore the signal to its original state. Next, this test need extract the eigenvalues of the abnormal signals. Therefore, the switch event detection principle can detect change point of current. By setting three threshold values, the switch and short circuit abnormal state of the electrical appliance can be distinguished. Then the corresponding features are extracted from each state point. Thirteen features are used in this paper.
Use the label 1 to represent the electrical appliance. The label 2 represents the fault signal. 0 represents the electrical appliance. The collection part of eigenvalue is as follows: It can be seen that the peak and transient power eigenvalues of the electrical abnormity are different from the eigenvalues of the electrical opening and closing, which is the main feature of the difference. Fifty abnormal switching eigenvalues were extracted by each electrical appliance, and the eigenvalues were sent to DAG-SVM for training [6] . It is verified by experiment that the accuracy of single electrical fault detection can reach 100%. The specific exper0iment diagram is as follows:
· · Figure 5 . Real-time monitoring of the hair dryer.
After training, the model can accurately determine the opening, abnormality and closure of electrical events. It is consistent with the waveform diagram and has good real-time performance, which can meet the requirements of electrical anomaly detection.
Summary
DAG-SVM is a kind of support vector machine model which can solve multi -classification problem. In this paper, abnormal characteristics are obtained through abnormal detection and feature extraction. Then feature input into the model and use the GUI program in MATLAB to see when the event is open, abnormal and close. In this paper, wavelet denoising and DAG-SVM are well used to detect abnormal signals of household electrical appliances. The desired effect was obtained and the abnormal location was accurate. For the next wavelet blind signal separation, Pave the way to determine the state of multiple appliances on the bus, it provides an effective new method for electrical abnormal detection.
